Citation: Orgeron R., Pope J., Green V., Erickson D. Phytonutrient intake and body composition. ABSTRACT Background: Being overweight or obese is one of the most harmful risk factors to the health of a population. The cause of obesity is complex and multifactorial, but a primary cause is a nutrientpoor diet. Despite excess intake of calories, diets of obese individuals commonly lack phytonutrients. Phytonutrients such as chlorophyll, carotenoids, and anthocyanins have all been shown to have anti-obesity effects. National data show that populations with the lowest intakes of fruit and vegetable intake also have higher obesity rates. Available data suggest a low fruit and vegetable intake, corresponding to a low phytonutrient intake, is correlated with excess adiposity.
phytonutrients are likely a key reason for those benefits. BACKGROUND Obesity is believed to be a root cause of many prominent diseases [1, 2, 3] . While the cause of obesity is complex and multifactorial, a likely factor is poor nutrition [4, 5] . Research has shown that despite excess intake of calorie-dense foods, a common dietary deficiency among individuals with excess adiposity is the lack of phytonutrients [6] . Thus, adequate intake of phytonutrients could also be a significant factor in improving excess body adiposity [6, 7] .
The Centers for Disease Control and Prevention (CDC) data indicate over one-third of the United States population is obese [8] . Data from the Behavioral Risk Factor Surveillance System (BRFSS) show that nearly 70% of Louisiana adults are overweight or obese [9] .
Data from the CDC indicate 46.7% of Louisiana's population eats less than one serving of fruit and 32.5% eat less than one serving of vegetables each day [10] . Many Louisianans do not consume one serving per day, much less the five servings per day recommended by the United States Department of Agriculture [11] . These data suggest that a low fruit and vegetable intake, thus low phytonutrient intake, is correlated with excess adiposity [8, 9, 10] .
Research has shown a strong correlation between low fruit and vegetable (F/V) intake and excess adipose tissue [4] . A low intake of these foods is associated with higher energy intake and reduced nutrient intake [2, 5] . Thus, a lack of F/V consumption and/or phytonutrients (plant nutrients) could potentially be a major contributor to Louisiana's high obesity rates.
Despite researchers isolating phytonutrients in studies, research shows that these nutrients elicit benefits best when left in whole foods [12, 13] . Moreover, instead of isolating phytonutrients, studying them in their whole form based on color could be a more efficient method [13] . This is due to phytonutrients displaying specific pigments when abundant in the plant [14] .
Phytonutrients of particular interest are chlorophyll, carotenoids, and anthocyanins. Current research shows potential for chlorophyll as a therapeutic phytonutrient that can help treat and/or prevent adiposity [15, 16, 17] . Anthocyanins may play a role in combating obesity by stimulating reductions in adipose tissue through various pathways [18, 19, 20] . Carotenoids have been found found in a variety of studies to play a role in the prevention of excess adiposity. Although human trials are scarce, they have indicated a beneficial effect of increased carotenoid intake on adiposity [21, 22] .
Very few clinical intervention trials have been properly designed and executed due to these studies being difficult to conduct [23] . The data from observational studies are more likely to suggest a role for phytonutrients in the prevention and treatment of obesity [18] . In the future, new and sufficient models that would allow the design to be more consistent and more efficient for clinical studies are needed [23, 24] .
In an effort to study phytonutrients in an easily accessible and inexpensive way, a method called the "Phytochemical Index" (PI) was proposed [25] . Although it is not the most precise method available, it can provide a valid estimation of of phytonutrient intake, which can aid in studying the health correlations of diets high and/or low in phytonutrient-rich foods [25, 26, 27, 28] .
There are many methods in which adiposity and obesity can be measured. The most commonly used method is the BMI [29, 30] . Another common anthropometric measure of adiposity is waist circumference, which is often shown to be more efficient than BMI alone. Interestingly, using BMI and waist circumference in tandem has been shown to offset limitations of each [31, 32, 33] .
Despite being simple and effective methods, BMI and waist circumference are only predictors of adiposity and do not actually measure body composition. Bioelectrical impedance analysis (BIA) is more accurate than body mass index and most other anthropometric measures in assessing body composition [34] . When compared to more advanced measures, BIA is less expensive, less invasive, and easier to use [34, 35] .
METHODS
This cross-sectional study investigated correlations between PI correlations and BMI, waist circumference and percent body fat. A second aim was to examine if correlations existed between certain colors of fruits and vegetables (green, red/purple, and yellow/orange) and fat percentage, waist circumference, and BMI. Institutional Review Board approval was obtained from the Thibodaux Regional Wellness Center and the Louisiana Tech University Human Use Committee Participants Fifty (50) participants were randomly selected from Thibodaux Regional Wellness Center in Thibodaux, Louisiana, through computerized simple random sampling. Inclusion criteria required the participants to be between the ages of 18 and 55. Due to uncertain validity of body fat measures in morbidly obese subjects (>40 kg/m 2 ), subjects with a BMI >40 kg/m 2 were excluded [36] . Due to the use of electrical currents in the bioelectrical impedance analysis (BIA), pregnant subjects were also excluded. Participants were required to give informed consent prior to being enrolled in the study.
Body Adiposity Assessments
The instrument used to assess body adiposity was a Tanita™ BF-350 bioelectrical impedance analysis (BIA) scale. The scale was linked to a desktop computer with the program Polar Body Age™ in order to assess body composition. The linked Tanita™ BF-350 and the Polar Body Age TM program calculated BMI and body fat percentage. Waist circumference was measured with a flexible tape, and a mounted wall measuring tape was used to measure height. The BIA scale accurately weighs up to 440 pounds. However, body fat percentage could be overestimated in patients who are dehydrated due to BIA scales assuming normal hydration [36] . Participants were given a protocol sheet when scheduled for assessment to promote proper hydration the day before and the day of their assessment.
Nutrition Assessment
All subjects participated in three-pass 24-hour food recalls, which were used to estimate the phytonutrient index score. Recalls were obtained from two weekdays and one weekend day to acquire an estimate of their daily intake [28] . All food recalls were administered face-to-face and one-on-one with each participant by the primary investigator. Each food recall was done within 24 hours of the day being recalled. In order to estimate serving sizes of foods consumed, standard measuring tools were used to give visual amounts to better predict intake. The primary investigator (a registered dietitian), probed for details in individual consumption to get as accurate estimations as possible. For example, if a participant recalled eating a sandwich, the dietitian researcher asked follow-up questions to recall which smaller components made up the sandwich such as tomatoes, mustard, lettuce, etc.
In order to determine different sources of phytochemicals by color, each participant was also administered a Food Frequency Questionnaire (FFQ) to determine the intake of the specific color classifications (green, purple, and orange). Example foods were presented to participants to allow a more accurate measure of frequency. Although there is no gold standard to FFQ categories, the categories used by the National Health and Nutrition Examination Survey were reflected [37, 38] . The categories include less than once per month, 1-3 per month, once per week, 1-3 per week, 4-6 per week, once per day, and 2-3 per day. These servings were averaged for data analysis so that all were reported as weekly intakes without ranges. Less than once per month and 1-3 per month were recorded as 0.5 servings/week; 1-3/week was reported as 2/week; 4-6/week were reported as 5/week, 1/day was reported as 7/week; and 2-3/day was reported as 17.5/week. In order to control for seasonal intake (i.e. fruits and vegetables), the FFQ represented intake on an annual basis and that was explained to each participant.
Procedures
Subjects were screened in the member computer system in order to identify those meeting age and BMI inclusion criteria. Subject selection was done through computerized simple random sampling. After selecting subjects, their health questionnaire and doctor notes were pulled to confirm that they were not on obesity-related medications. Once eligibility was determined for the study, individuals were contacted for verbal and written informed consent and participation acceptance. Once participation was accepted, subjects were scheduled to come into the clinic for their body composition and nutrition assessment.
The first part of the assessment was measuring height for BMI. Afterwards, waist circumference was measured following the World Health Organization (WHO) approved protocol [39] . The Tanita™ BF-350 BIA scale was used to provide weight (in pounds), BMI, and body fat composition (fat mass and lean mass).
The nutrition assessment consisted of three 24-hour recalls by a Registered Dietitian in a oneon-one setting with each subject. The dietitian recorded all of the recalled data (meals, beverages, snacks, etc.). To increase accuracy of food quantity, household measures were used as visuals during the food recall. Each recall was done on separate days and within 24 hours of the day being recalled.
The total energy intake (estimated with Elizabeth Stewart Hands and Associates (ESHA) software) was used for the PI calculation. The PI estimated how much of the subject's energy intake was accounted for by phytonutrient rich foods. The formula for the PI is [(phytochemicalrich foods kcal/total daily energy intake kcal) × 100]. Phytonutrient rich foods primarily include fruits and vegetables, but also legumes, whole grains, seeds, nuts, olive oil, soy sources, and wine [25] . In addition to calculating the PI, the dietitian also identified intakes of the specific colors (green, orange, and purple) through a FFQ. More specifically green colored plants are chlorophyllrich (such as spinach, broccoli, celery, etc.), reddish-purple foods are anthocyanin-rich (such as purple cabbage, grapes, blueberries, etc.), and orange-yellowish foods are carotenoid rich (such as carrots, sweet potatoes, mangoes, etc) [13, 14] . 24 was used to analyze the data. Background data including age, sex, health status, and race were summarized, and the Pearson correlation was used to assess correlations between phytonutrient index scores and body adiposity measures. Analysis of variance (ANOVA) with post-hoc tests was used to determine differences in PI and phytochemical intakes among the BMI, waist circumference and percent body fat groups. Results were considered statistically significant if p-value was less than or equal to 0.05.
Statistical analysis IBM SPSS Statistics version

RESULTS
Fifty (50) participants were recruited to participate in the study and none of them declined. All 50 participants remained until the completion of the study. Table 1 provides a description of the subjects in the study including sex, ethnicity, and current health diagnosis. The average age was 36.8 + 11.4 years with a range of 18 to 54 years. Despite having a variety of ethnicities, almost 75% of the population identified as White/Caucasian and 70% of the population was female. Nearly half of the sample had some form of health condition (most notably diabetes and hypertension). Demographic characteristics of the group are summarized in Table 1 .
The mean PI score and average caloric intake of the entire group was 38.1 + 21. Statistically significant correlations were found between the PI ratings and body composition ranges. The only measure that did not follow the trend for positive correlations between PI and lower body adiposity was body mass index. Participants with an overweight BMI had a higher PI average than those with a healthy BMI. Overall, the data analysis showed a strong inverse correlation between PI and BMI (r = -0.753, p = 0.00), waist circumference (r = -0.730, p = 0.00), and body fat percentage (r = -0.701, p = 0.00). Figures 1, 2, and 3 show the correlation graphs. ANOVA testing was used to analyze significant differences (p < .05) in the intake of foods containing specific types of phytonutrients (chlorophyll, carotenoids and anthocyanin) based on body composition measures (shown in Tables 3, 4 , and 5). All the standards of body composition showed significant differences (p < .05) except for the "healthy" and "overweight" standards measured by BMI.
Individuals with "healthy" body fat percentages had significantly greater intakes of all phytonutrient types than those with excess body fat (overweight and obese). However, there was not a significant difference in intakes between "overweight" and "obese" body fat percentages. The waist circumference standards followed the same trend as those with "healthy" waist sizes had significantly greater intakes of all phytonutrients in comparison to those that exceeded healthy waist sizes.
Considering BMI measurements, individuals that were within "healthy" standards had significantly greater intakes of all phytonutrient types when compared to those within "obese" and "severely obese" standards. However, there was no significant difference between the intakes of those with "healthy" and "overweight" standards. 
CONCLUSIONS
An abundance of nutrition and scientific research leads to the conclusion that higher intakes of F/V are correlated with improvements in anthropometric parameters and preventing/treating adiposity [4, 40, 41] . However, some research has indicated there is more to fruits and vegetables than fiber and vitamins, and that phytonutrients could also be a primary component of food contributing to the improvement in body composition [6, 24] . The purpose of this study was to determine if phytonutrient intake measured by the PI is correlated with body composition. Data were collected on 50 individuals from Thibodaux Regional Wellness Center in Thibodaux, Louisiana. The data showed that higher intakes of phytonutrients significantly correlate with better body composition in all three measures (body mass index, waist circumference, and body fat percentage). BMI categorized the least amount of participants as healthy (17/50). It is a possibility that individuals with more muscle/bone dense had BMIs classifying them in the overweight category despite having low body-fat and waist circumference. The population in Louisiana is particularly interesting because nearly 70% of Louisiana adults are overweight or obese and reportedly consume low amounts of fruits and vegetables [9, 10] . According to the NHANES, American males consume an average of 2,640 calories/day and females consume an average of 1785 calories/day (average of 2213 for both genders). The data on this population sample averaged a much lower intake of daily calories at 1271 + 393. Many of the participants (21/50) reported eating only once or twice per day, consuming as little as 565 calories per day. This data further suggests that calorie consumption is not the only factor influencing obesity. However, the United States Department of Agriculture states that many respondents under report intake and that studies show actual intakes may be considerably higher.
Every participant with a health condition had a lower PI score than the population average (38.1 + 21.1) except for one who had cystic fibrosis (PI = 57). This exception is likely related to cystic fibrosis being a genetic condition notdeveloped by lifestyle factors (e.g., diet). These data support previous studies showing that increased fruit and vegetable intake has been correlated with reduced risk of diseases [42, 43, 44] . Although a small sample, these data are some of the first to show any relationship between PI and disease prevalence.
In an effort to determine differences in the intakes of specific phytonutrients (chlorophyll, carotenoids, and anthocyanin) based on body composition, one-way ANOVA testing was used. Phytonutrient intake was not precisely measured, but rather identified by categorizing foods by color as some research supports due to evidence that whole food is more applicable and health promoting than precisely isolated phytonutrients [12, 13] .
Individuals with "healthy" body fat percentages had significantly greater intakes of all three phytonutrient types than those with excess body fat (overweight and obese). However, there was not a significant difference in intakes between "overweight" and "obese" body fat percentages. The waist circumference standards followed the same trend as those with "healthy" waist sizes had significantly greater intakes of all phytonutrients in comparison to those that exceeded healthy waist sizes.
Considering BMI measurements, individuals that were within "healthy" standards had significantly greater intakes of all phytonutrient types when compared to those within "obese" and "severely obese" standards. However, there was no significant difference between the intakes of those with "healthy" and "overweight" standards.
Interestingly, each body composition measure had a different phytonutrient that showed the most significant difference. For BMI measurements, the intake of carotenoids between "healthy" and "severely obese" individuals showed the most significance (p < 0.00). The intake of anthocyanin showed the most significant difference between standard and excess waist sizes (p < 0.00). Chlorophyll intakes between those with "healthy" and "obese" body fat percentages showed most significant differences (p < 0.00). Further analysis showed that participants who had higher intakes of one phytonutrient typically had higher intakes of others which skews any evidence that one has any more of an effect than others.
The cause of obesity is very complex, but poor nutrition seems to be a primary cause [4, 5] . Fruit and vegetable intake has long been shown to have a positive effect on health and body composition [41, 42, 45, 46] . Researchers are not clear as to why fruits and vegetables have this effect, but some studies have shown varying body composition changes among subjects depending on which fruits and vegetables they consumed more often [47, 48] . In considering the differences between various plant foods, a major difference is the specific phytonutrients they contain.
Research has shown that despite excess intake of calorie dense foods, obese individuals lack phytonutrient intake [6, 7] . These phytonutrients are primarily sourced from fruit and vegetable intake [6, 7] .
In a population like Louisiana, data shows that less than half of the population eats at least one serving of fruits/vegetables each day, which is much less the five servings per day recommended by the United States Department of Agriculture [11] . The data available indicates that low fruit and vegetable intake, thus low phytonutrient intake, is correlated with excess adiposity.
The data in this study demonstrate a strong correlation between higher phytonutrient intake and improved body composition (and disease prevalence). However, this correlation remained consistent despite the type of phytonutrients consumed. These findings imply that overall diet quality seems to make the most difference, but the phytonutrients in fruits/vegetables are thought to be a key reason for those benefits.
The study of phytonutrients is difficult and expensive, which is why the PI is used in research studying health and intake of phytonutrient-rich foods [25, 28] . A major strength of the study was the ability to have a registered dietitian meet with each participant face-to-face to conduct the dietary recalls. In comparison to a voice call or participant filled record, the face-to-face recalls allowed for more follow-up questions and visual aids to more precisely determine food intake. Another strength of the study was the use of three different measures of body composition. The study used BMI, waist circumference, and body fat percentage that in combination help more accurately determine body adiposity by offsetting any limitations that each individual measure may have [31, 33] .
The most notable limitation of this study was the method of gathering dietary data through food recalls and food frequency questionnaires. These methods are subjective interpretations that rely on the ability of each participant to recall food and quantify food intake, which leaves room for error [23] . In addition, the food recalls could not quantify for very small intakes of phytonutrient rich foods (such as sesame seeds on a hamburger bun) that were part of an individual's diet. Another limitation is the inability to rule out of other factors that can be contributing to better body composition such as higher fiber intake and lower calorie intake which are both related to diet high in phytonutrients [40, 41] . Another factor that could have improved this study would be to increase the sample size and vary the source of the population instead of selecting all from one facility. This would not only allow for a larger data set, but potentially more diverse data as well.
There have been very few clinical intervention trials on phytonutrient intake that have been properly designed and executed due to these studies being difficult to conduct and expensive [18, 23] . However, data from correlational studies like this do suggest a role for phytonutrients in the prevention/treatment of obesity. Future studies should adopt an observational design that monitors the intakes and body composition of individuals over time to see if changes in either or both support the role of these nutrients. In addition, future studies should also observe the health conditions in participants to see if these phytonutrients have a role in prevention/treatment of diseases. In the future, new and more sufficient models are likely to be developed that would allow the design to be more consistent and accurate in the way data can be more objectively measured. Until those tools are developed, researchers should continue to use nutrition experts to recall intakes with participants in person to determine nutrition intake as accurately as possible [23, 24] .
CONFLICT OF INTEREST
The authors do not have any financial or conflicts of interest. ABBREVIATIONS PI, phytonutrient index; BMI, body mass index; ANOVA, analysis of variance; F/V, fruits and vegetables; BIA, bio-impedance analysis; FFQ, food frequency questionnaire.
